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Perioperative -blockade (POBBLE) for patients
undergoing infrarenal vascular surgery: Results of
a randomized double-blind controlled trial
POBBLE Trial Investigators, London, United Kingdom
Objective: To assess whether a pragmatic policy of perioperative -blockade, with metoprolol, reduced the 30-day
cardiovascular morbidity and mortality and reduced the length of hospital stay in average patients undergoing infrarenal
vascular surgery.
Methods: This was a double-blind randomized placebo-controlled trial that occurred in vascular surgical units in four UK
hospitals. Participants were 103 patients without previous myocardial infarction who had infrarenal vascular surgery
between July 2001 and March 2004. Interventions were oral metoprolol (50 mg twice daily, supplemented by
intravenous doses when necessary) or placebo from admission until 7 days after surgery. Holter monitors were kept in
place for 72 hours after surgery.
Results: Eighty men and 23 women (median age, 73 years) were randomized, 55 to metoprolol and 48 to placebo, and 97
(94%) underwent surgery during the trial. The most common operations were aortic aneurysm repair (38%) and distal
bypass (29%). Intraoperative inotropic support was required in 64% and 92% of patients in the placebo and metoprolol
groups, respectively. Within 30 days, cardiovascular events occurred in 32 patients, including myocardial infarction (8%),
unstable angina (9%), ventricular tachycardia (19%), and stroke (1%). Four (4%) deaths were reported. Cardiovascular
events occurred in 15 (34%) and 17 (32%) patients in the placebo andmetoprolol groups, respectively (unadjusted relative
risk, 0.94; 95% confidence interval, 0.53-1.66; adjusted [for age, sex, statin use, and aortic cross-clamping] relative risk,
0.87; 95% confidence interval, 0.48-1.55). Time from operation to discharge was reduced from a median of 12 days (95%
confidence interval, 9-19 days) in the placebo group to 10 days (95% confidence interval, 8-12 days) in the metoprolol
group (adjusted hazard ratio, 1.71; 95% confidence interval, 1.09-2.66; P < .02).
Conclusions:Myocardial ischemia was evident in a high proportion (one third) of the patients after surgery. A pragmatic
regimen of perioperative -blockade with metoprolol did not seem to reduce 30-day cardiovascular events, but it did
decrease the time from surgery to discharge. (J Vasc Surg 2005;41:602-9.)Vascular surgery, although it often saves limbs or life, is
associated with significant postoperative mortality. The
30-day postoperative mortality for elective surgery ranges
from 2.1% after femoropopliteal bypass to up to 8% after
abdominal aortic aneurysm repair.1,2 Underlying coronary
artery disease with preoperative ischemia is probably the
major cause of mortality and morbidity in these vascular
surgical patients.3 The estimates of this risk vary among
published series. The incidence of myocardial infarction
ranges from 3% in the largest series to 17% or more in
high-risk patients.4,5 Other studies have shown that ap-
proximately 40% of vascular surgical patients have signifi-
cant ischemic episodes during vascular surgery (average
duration, 12% of operative time).6 Although -blockade is
effective at reducing cardiac complications for patients with
silent coronary ischemia, myocardial infarction, and heart
failure, relatively few patients admitted for infrarenal vascu-
lar surgery have taken these drugs. This was possibly be-
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602cause of the considerable reluctance, in the past, to pre-
scribe -blockers for patients with peripheral arterial
disease, because some believed they aggravated both clau-
dication and rest pain.7
Perioperative -blockade with atenolol in 200 patients
considered at high risk of coronary heart disease and un-
dergoing major surgical procedures reduced the incidence
of myocardial ischemia within 48 hours after surgery8 from
34% to 17%. Patients undergoing vascular surgery repre-
sented 40% of the patients in this trial, which went on to
report9 that active atenolol treatment reduced 1-year mor-
tality from 14% to 3%. An episode of myocardial ischemia in
the first 48 hours doubled the risk of death during the next
2 years.8 Later, a trial of 112 vascular surgical patients
considered at particularly high risk of coronary heart disease
(abnormal stress echocardiography with dobutamine) was
stopped early because of the obvious advantage of bisopro-
lol in reducing cardiac morbidity and mortality.5 Nonfatal
myocardial infarction occurred only in patients not taking
bisoprolol (17%). Of even greater importance, 30-day mor-
tality from cardiac causes was only 3% with bisoprolol, vs
17% in the remaining patients. It might be difficult to
translate these results into clinical practice for two reasons.
First, in public-funded health-care systems, not all vascular
surgical patients undergo dobutamine stress echocardiog-
raphy before surgery. Second, in the bisoprolol study, the
112 high-risk patients were selected from 1351 vascular
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findings.
More recently, Auerbach and Goldman10 undertook a
scientific review of the use of -blockers for the reduction
of cardiac events in noncardiac surgery. This overview
indicated that although there was some evidence for the
benefits of -blockade, the reported trials were mainly
small, and the results were heterogeneous. In addition, they
noted that most trials included patients who were selected,
rather than consecutive patients, hence limiting generaliz-
ability: “No randomized study to date has compared the
impact of -blockade in an unselected population of pa-
tients undergoing surgery, so there is little direct evidence
describing the impact of -blockers in average patients.”10
Here, we report the results of a randomized trial of a
pragmatic regimen of perioperative -blockade for “aver-
age” consecutive patients undergoing elective infrarenal
vascular surgery under general anesthesia.
PATIENTS AND METHODS
Trial design. The trial was designed according to
Good Clinical Practice guidelines and abided by the Dec-
laration of Helsinki. Appropriate ethics approval (from
local and multicenter research ethics committees in the
United Kingdom) was obtained. All patients gave written
informed consent before participating. The trial was con-
ducted under a Clinical Trials Exemption certificate from
theMedicines Control Agency (London, UK), and the trial
was completed before implementation of the Medicine for
HumanUse Act in theUnited Kingdom. All clinicians were
required to register with the chief investigator before par-
ticipating. Patients were recruited from four UK centers:
Coventry, London, Manchester, and Gloucester. The
POBBLE trial was coordinated locally at each participating
center, and data were collated centrally and regularly at the
Medical Research Council (MRC) Clinical Trials Unit,
London.
Eligibility criteria. The trial was open to all patients
undergoingmajor elective infrarenal vascular surgery under
general anesthesia. Patients were ineligible if they met any
of the following criteria: if they were already taking
-blockers, if giving -blockers would be dangerous (eg,
known intolerance to -blockers), if they were receiving
current treatment for asthma, if they had aortic stenosis
(awaiting valve surgery or peak gradient 40 mm Hg), if
they had bradycardia (heart rate45 bpm) or hypotension
(systolic blood pressure 100 mm Hg); if perioperative
-blockade had already been shown to be beneficial (eg,
those with documented myocardial infarction in past 2
years), and if they had unstable angina or angina with a
positive dobutamine stress test. The research ethics com-
mittee added the further exclusion principle of any previous
documented myocardial infarction. All patients were
logged and assessed for eligibility to provide a consecutive
cohort of patients. Eligible patients were then approached
about the trial.
Randomization and treatment allocation.
Randomization was performed centrally at TheSealedEnvelope.com Web site. Treatment was allocated in a 1:1
ratio by using random permuted blocks of size 2, 4, and 6
within four stratification factors: center, age (75 vs 75
years), sex, and planned use of aortic cross-clamping. Pa-
tients were randomly assigned to receive either periopera-
tive -blockade with metoprolol (active regimen) or the
same regimen substituting matching placebo (control reg-
imen). Each patient was assigned a four-digit trial number
for identification purposes and a three-digit drug number
to identify the appropriate drug supply.
Treatment schedules. Trial drugs—metoprolol and
placebo—of identical appearance were in gelatin-coated
capsules or ampoules supplied by Nova Laboratories Ltd
(Wigston, Leicestershire, UK). After randomization, all
patients underwent a test dose of their allocated drug: 50
mg of metoprolol or placebo equivalent for patients weigh-
ingmore than 55 kg and 25mg for patients weighing 55 kg
or less. Patients who did not tolerate the test dose (heart
rate decrease to50 bpm, systolic blood pressure decrease
to 100 mm Hg, or bronchospasm) were not to receive
further -blockade.
Routinely, patients were administered the test dose on
the day of admission (the day before surgery). If it was
tolerated, the patient received further oral trial medication
each morning and evening, up to and including the morn-
ing of surgery, and were given a minimum of two oral doses
of trial drug. Patients were to receive 2 to 4 mg of meto-
prolol or placebo equivalent in a slow intravenous injection
over 5 to 10 minutes before intubation. Anesthesiologists
were unblinded to the drug allocation because those in-
volved in the trial at participating centers would have
immediately identified the active treatment and, for safety
reasons, refused to collaborate in a blinded fashion; there-
fore, it was the anesthesiologist’s choice whether to admin-
ister the intravenous placebo. Every precaution was taken
to ensure that the notes completed by the anesthesiologist
did not unblind the trial coordinators and clinicians, and
there was no evidence from pharmacy records that this
caveat was infringed. After the operation, patients were
maintained on oral trial drug twice daily for 7 days. This was
extended for a further 7 days if a subsequent operation was
required within a week of the initial operation.
Follow-up and monitoring. Before the operation, a
three-lead electrocardiogram (ECG) Holter monitor
(Flashcard with 2 48-hour recording; Reynolds Medical,
Hertford, UK) was set up on each patient and maintained
for 72 hours. Troponin T values were taken at 1, 3, and 7
days after surgery, and an ECG was performed before
randomization and at 7 and 30 days after surgery. The
results of the Holter monitors and ECGs were coded
centrally. Clinical follow-up was maintained until the pa-
tient left the hospital (discharge or death) or until 30 days
after surgery, whichever was the longer.
Sample size, outcomes, and statistical analysis.
With changes in clinical practice and the general aging of
the population, it was anticipated that the trial patients
would be older by an average of 8 years than the patient
groups of earlier studies of vascular surgery patients.3,6
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5% significance level to detect a relative risk of 2.5, equiva-
lent to an expected improvement in cardiovascular events at
30-days after surgery from 25% in the placebo group to 10%
in the metoprolol group. We anticipated that 146 patients
would have to be recruited to each arm of the trial over 2
years to provide the 53 events necessary to meet these
specifications, and, allowing for a small withdrawal rate due
to adverse reactions tometoprolol, the required sample size
was 300 patients.
Before the start of the trial, the primary outcome mea-
sure was defined as fatal and nonfatal cardiovascular events
(namely, myocardial infarction, unstable angina, ventricu-
lar tachycardia, or stroke) within 30 days of the operation.
The secondary outcome measures also were established
before the start of the trial: namely, these same cardiovas-
cular events and mortality from any cause within 30 days of
the operation, measures of myocardial ischemia per 24
hours while wearing the Holter monitor, length of postop-
erative hospital stay, and 2-year survival. Survival at 2 years
will be presented when patients have been followed up
longer.
The diagnosis of myocardial infarction required an
ECG showing new Q waves (0.03 seconds), persistent
ST-T changes with a troponin T of 0.1 g/L, or a
postmortem diagnosis. The diagnosis of unstable angina
required chest pain consistent with myocardial ischemia
(lasting30 minutes and unresponsive to nitrates), associ-
ated with the development of transient ST segment depres-
sion of 0.1 mV or greater, but without diagnostic troponin
T or ECG changes for myocardial infarction. The diagnosis
of permanent neurologic deficit (stroke) was made by a
neurologist. Ventricular tachycardia was defined as five or
more consecutive beats at a rate of 100 bpm or higher. P
values of less than .05 were taken to be statistically signifi-
cant throughout.
All analyses were performed on an intent-to-treat basis
unless otherwise specified. The focus was on randomized
patients who underwent surgery during the trial. The anal-
yses were performed with Stata version 8.2 (Stata Corpo-
ration, College Station, Tex). All statistical tests were two
sided. Before analysis of the data, sex, age, baseline statin
use, and planned use of aortic cross-clamping were specified
as binary covariates for any adjusted analyses. Because there
was a possible imbalance in baseline smoking status across
the groups, the analyses were considered for additional
adjustment for smoking status. Analyses also were con-
ducted with age as a continuous variable.
Outcome measures within 30 days have each been
compared by using a test of proportions: unadjusted and
adjusted relative risks (and 95% confidence intervals) are
presented. The length of the postoperative stay was consid-
ered as the time from surgery to discharge; a Kaplan-Meier
approach was used, with discharge as the event and with
deaths censored. Adjusted and unadjusted Cox models are
presented. The Holter monitor event data were highly
skewed. Three main approaches were taken to time with ST
depression. First, the proportion of patients with and with-out any ST deviation was examined, and deviation times
were compared for those with deviation. Second, negative
binomial regression models were constructed. Third, total
ischemic burden (depression or elevation time  voltage)
was estimated and compared by using a nonparametric
Mann-Whitney test. All three approaches provided similar
results for the current data set, and only the first is detailed
in the results. Ventricular tachycardia was treated in a
similar manner.
The study was designed to consider the use of -block-
ade in the context of surgery. The main analyses were
performed on an intention-to-treat basis: the six patients
who did not have surgery and who did not have the Holter
monitoring necessary to report ventricular tachycardia are
not included in the analyses of the primary outcome mea-
sure.
Overseeing committees. The Trial Management
Committee reviewed the progress of the trial routinely.
Interim data reports were produced regularly for the inde-
pendent DataMonitoring Ethics and Endpoint Committee
(DMEEC). At the final meeting, this included a blinded
comparison of the main outcome measures by allocated
treatment. No formal stopping rules were prespecified, and
no formal adjustment of P values was performed. The
DMEEC was to consider recommending stopping the trial
if the results were sufficiently convincing to a broad range
of clinicians. In early 2004, the DMEEC recommended
that recruitment be stopped early. This decision was based
on (1) blinded analysis of events in the two groups, (2) the
diminishing availability of eligible patients, thus making it
impossible to reach the target 300 patients within a short
time, and (3) the conclusion that, therefore, DMEEC
could not support an application for extension of funding
from the British Heart Foundation.
RESULTS
The progress of the trial is shown in the Consolidated
Standards for Reporting Trials (CONSORT) diagram in
Fig 1. Between July 2001 and March 2004, 420 patients
scheduled for infrarenal vascular surgery were identified.
Most of these patients (n  269; 64%) were considered
ineligible. The principal reasons were previous myocardial
infarction (26%), current use of -blockers (21%), and
asthma (12%). A total of 151 patients were eligible for the
trial, of which 103 (68%) consented to randomization. The
age, sex, and ethnicity of the patients who were not ran-
domized were no different from those of patients who
consented to randomization. The principal reasons for
nonparticipation included refusal (n  12), operational (n
 17), regional anesthesia being considered (n  5),
current participation in another drug trial (n  11), and
unknown (n 3). Included in the trial were 80men and 23
women (median age, 73 years; range, 61-79 years).
The test dose of trial drug was given on the day before
planned surgery. After monitoring of heart rate, blood
pressure, and respiratory function, the dose of trial drug
was reduced in two patients; a third patient did not tolerate
the test dose, and no further trial drug was given. Five
, Myo
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two had improved symptoms, one (scheduled for distal
bypass) was found to be inoperable, one subsequently
underwent operation at a different hospital, and the fifth
patient had increased troponin T at baseline. A further
patient was considered too ill to tolerate surgery and died
within 30 days of randomization. Therefore, only 97 pa-
tients underwent infrarenal vascular surgery under general
anesthesia (44 in the placebo arm and 53 in the metoprolol
arm). The principal remaining results are reported for these
97 patients only: the other 6 patients did not have the
Holter monitoring necessary to report the ventricular
tachycardia included in the primary end point.
The groups allocated to each trial arm were similar in
terms of age, sex, diabetes, baseline ECG, systolic blood
pressure, and use of aspirin or statins (Table I). Baseline
heart rate was very similar in the two groups (Table I).
There seemed to be a higher proportion of current smokers
in the metoprolol group. Mean (SD) heart rates 4 hours
after the test dose were 77.3 bpm (15.1 bpm) and 65.4
bpm (10.0 bpm) in the placebo and metoprolol groups,
respectively (change from baseline between groups, P 
.0001). Mean heart rates 7 days after surgery were 82.7
bpm (17.5 bpm) and 74.8 bpm (16.4 bpm) in the placebo
and metoprolol groups, respectively (change from baseline
between groups, P  .04). These results indicated that
metoprolol was being used at a therapeutic dose.
The median (interquartile range) time between ran-
domization and surgery was 1 days (1-5 days) in the pla-
cebo group and 1 day (1-3 days) in the metoprolol group
(log-rank 2  0.60; P  .44). The patterns of operations
performed in the two groups were similar. The placebo
group included 17 patients with abdominal aortic aneu-
Fig 1. CONSORT diagram. MIrysm repair (3 endovascular), 3 aortoiliac grafts for stenosis,5 femorofemoral crossover grafts, 8 femoropopliteal by-
passes (2 veins), 3 femorodistal bypasses, 3 amputations (1
below knee), and 5 other procedures. The metoprolol
group included 20 patients with abdominal aortic aneu-
rysm repair (1 endovascular), 8 aortoiliac grafts for stenosis,
3 femorofemoral crossover grafts, 13 femoropopliteal by-
passes (7 veins), 4 femorodistal bypasses, 2 amputations,
and 3 other procedures.
During surgery, a decrease in systolic blood pressure of
greater than 25% was reported in 34 (77%) of 44 patients of
the placebo group vs 49 (92%) of 53 patients in the meto-
prolol group. The median number of such decreases in
blood pressure was 5 in the metoprolol group, vs 2 in the
placebo group (Mann-Whitney test; P .0004). Similarly,
there was a statistically significant difference in reported
decreases in heart rate to 50 bpm; this affected 57% and
14% of patients in the metoprolol and placebo groups,
respectively (2 20.52; P .0001). Inotropes were given
to maintain cardiovascular stability in most patients in both
groups, but more so in the metoprolol group: 28 (64%) of
44 in the placebo group vs 47 (92%) of 53 in the metopro-
lol group (2 11.56; P .0007). There was supplemen-
tary epidural anesthesia in 26 (59%) placebo patients and 26
(49%) metoprolol patients. After surgery, the trial medica-
tion was discontinued in four patients, on the recommen-
dation of the anesthesiologist, because of severe intraoper-
ative hypotension. A further patient, in the placebo arm,
had medication discontinued before surgery because of
respiratory problems. The median time on trial medication
after surgery was 8 days in each group.
Holter monitor analysis was available for 93 patients. A
similar proportion (15 [35%] of 43 patients in the placebo
group and 15 [30%] of 50 patients in the metoprolol
cardial infarction; BB, -blocker.group) had significant myocardial ischemia (ST depression;
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median (interquartile range) was 33 minutes (5-162 min-
utes) in the placebo group and 13 minutes (5-78 minutes)
in the metoprolol group (Mann-Whitney U test; P  .79).
A similar proportion (18 [42%] of 43 patients in the pla-
cebo group and 16 [32%] of 50 patients in the metoprolol
group) had significant myocardial deviation (ST depression
or ST elevation; 2 0.83; P .36). Ventricular tachycar-
dia was observed in 6 (14%) of 43 patients in the placebo
group and in 10 (20%) of 50 patients in the metoprolol
group (2  0.45; P  .50). In affected patients, the
median (interquartile range) number of ventricular tachy-
cardia beats was 30 (5-51) in the placebo group and 15
(5-18) in the metoprolol group (Mann-Whitney U test;
P  .55).
The cardiovascular events documented within 30 days
of surgery were reported in 32 patients (33%; Table II).
There were four deaths (30-day operative mortality, 4%):
one in the placebo arm and three in the metoprolol arm.
There was no apparent difference between the groups for
any of the individual end points (myocardial infarction,
unstable angina, ventricular tachycardia, or stroke; not
formally tested). The unadjusted relative risk for cardiovas-
cular events within 30 days for patients randomized to the
metoprolol group was 0.94 (0.53-1.66); adjusting the rel-
ative risk for sex, age, planned aortic cross-clamping, and
Table I. Baseline characteristics
Characteristic Placebo Metoprolol
Age, y, median (quartiles) 74 (66-76) 73 (61-79)
Sex
Male 35 (80%) 40 (75%)
Female 9 (20%) 13 (25%)
Aortic cross-clamping
No clamp 24 (55%) 24 (45%)
Clamp 20 (45%) 29 (55%)
Smoking status
Current 10 (23%) 23 (43%)
Ex 30 (68%) 25 (47%)
Never 4 (9%) 6 (9%)
Diabetes
No 36 (82%) 43 (81%)
Yes 8 (18%) 10 (19%)
Baseline ECG
No abnormality 21 (48%) 31 (58%)
Indication of previous MI 2 (5%) 1 (2%)
Other abnormality 18 (41%) 18 (34%)
Both 1 (2%) 2 (4%)
Missing 2 (5%) 1 (2%)
Other medications included
Aspirin 25 (52%) 27 (49%)
Statin 12 (25%) 18 (33%)
Systolic blood pressure (mm
Hg)
Median (quartiles) 144 (131-155) 144 (124-160)
Missing 0 (0%) 1 (2%)
Heart rate (bpm)* 77.2 (12.1) 77.5 (14.2)
Total 44 (100%) 53 (100%)
ECG, Electrocardiogram; MI, myocardial infarction.
*Values are mean (SD).baseline statin use, the relative risk was 0.87 (0.48-1.55).The use of age as a continuous, rather than a dichotomous,
variable did not alter these findings (relative risk, 0.92;
0.5-1.68). The absolute difference was 2% (17% to 20%)
in favor of the metoprolol arm. Further adjustment for
smokingmade no difference with these results (relative risk,
1.00; 0.54-1.86). The results were similar for cardiovascu-
lar events and mortality within 30 days. When all 103
randomized patients were considered, myocardial infarc-
tion, stroke, or death occurred in 7 (15%) of 48 patients in
the placebo group and 7 (13%) of 55 in the metoprolol
group (20.075; P  .78).
The median (95% confidence interval) time between
surgery and discharge for all patients, censoring at death the
patients who died in the hospital, was 12 days (9-19 days)
in the placebo group and 9 days (8-12 days) in the meto-
prolol group (log-rank 2  2.81; P  .09). A cumulative
incidence plot of discharge after surgery is shown in Fig 2.
Patients in the metoprolol group were discharged from the
hospital earlier than the placebo group (unadjusted hazard
ratio, 1.41 [0.93-2.15]; hazard ratio adjusted for sex, age,
aortic cross-clamping, and statin use, 1.71 [1.09-2.66]).
Further adjustment for smoking (not prespecified) did not
alter these findings (hazard ratio, 1.77 [1.13-2.76]).
DISCUSSION
This trial focused on patients undergoing infrarenal
vascular surgery. Those at the highest cardiovascular risk
were excluded. Cardiovascular events occurred in a very
high proportion (33%) of these “average” (or lower-risk)
vascular surgical patients. The use of metoprolol was not
associated with any statistically or clinically significant re-
duction in the number of cardiovascular events in the first
30 days after surgery. However, patients randomized to
metoprolol were discharged from the hospital much more
rapidly than patients in the placebo group.
Two factors might contribute to the high rate of car-
diovascular events. First, the median age of the randomized
patients, 73 years, was older than in previously published
studies.4 Second, we included only patients who were
having surgery under general anesthesia. There is clear
evidence that both endotracheal intubation and extubation
cause rapid increases in heart rate and increased myocardial
stress.11,12
There is clear evidence that perioperative -blockade
reduces early cardiovascular morbidity and mortality in
high-risk vascular surgical patients.5 The evidence for other
patients is less persuasive.10 Wallace et al8 reported that
atenolol reduced the incidence of perioperative myocardial
ischemia from 39% to 24% in a cohort of patients with
established coronary heart disease or two or more major
risk factors (age 65 years, hypertension, smoking, diabe-
tes, and hypercholesterolemia). These figures were ob-
tained from subsets of patients, and when all patients were
included, ST depression was reported in 17% of atenolol
patients vs 34% in the placebo group in the 48 hours after
surgery. There was no difference in early cardiovascular
events.8,9 The major benefit of atenolol in this trial was in
reducing all-cause mortality at 2 years.9 Using similar entry
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plasty, a trial of intraoperative esmolol and postoperative
metoprolol did not reduce postoperative myocardial isch-
emia or myocardial infarction.13 Our trial with a similar
number of patients had more events (in 32 patients vs the
target of 53 patients), but these were evenly distributed
across the metoprolol and placebo groups. Patients in the
metoprolol group had more episodes of intraoperative bra-
dycardia and hypotension that required inotropic support:
these findings are more marked than those in the atenolol
trial.8 These increased intraoperative risks add to the evi-
dence that, in lower-risk patients, perioperative -blockade
may not be beneficial.
Clinical criteria for eligibility for perioperative -block-
ade range from those adopted in the Mangano atenolol
trial8,9 and other researchers to the revised Cardiac Risk
Index criteria.14 The latter criteria would result in the use of
-blockade in all patients with previous myocardial infarc-
tion, and our trial excluded these patients on the advice of
the Ethical Review Committee. The decline in patient
accrual that we experienced during the trial was attributed,
in part, to changes in clinical practice, with increasing
prescription of -blockers to vascular surgical patients and
increasing use of angioplasty and less invasive procedures to
manage peripheral vascular disease. The mix of surgical
procedures in the consecutively recruited cohort of patients
provided a good reflection of the case mix in current
vascular surgical practice. We had selected metoprolol for
this trial because it has a medium-term half-life, oral and
intravenous preparations are available, and metoprolol has
proven efficacy in heart failure.15 The scientific review of
Auerbach and Goldman10 indicates that there is no evi-
dence to prefer any particular 1-selective drug for periop-
erative -blockade.
Unlike the Mangano trial,9 we excluded patients al-
ready taking -blockers. We conducted a pragmatic trial
and did not titrate drug dose against heart rate. Most
Table II. Primary outcome events within 30 days of opera
Event data to 30 days
Placebo
n %
CV event
Myocardial infarction 5 11
Unstable angina 4 9
Ventricular tachycardia 7 16
Stroke 0 0
At least one CV event 15 34
CV event or death 15 34
Total patients 44 100
CI, Confidence interval; CV, cardiovascular; RR, relative risk; RD, risk diff
*Adjustment for sex, age, aortic cross-clamping and baseline use of statins.patients received their trial drugs for only 1 day beforesurgery. In this respect, our trial is different from the
bisoprolol trial5 and permitted the investigators and all
treating clinicians, except the anesthesiologist, to remain
blinded to treatment allocation: these factors may have
contributed to our inability to demonstrate the expected
benefit of perioperative -blockade. Nevertheless, meto-
prolol was used at therapeutic doses, and heart rate, both
before surgery and after 7 days, was approximately 10 bpm
lower in the metoprolol group compared with the placebo
group.
All the beneficial effects of perioperative -blockade
have been attributed to its effect on reducing myocardial
ischemia.16 Detailed analysis of Holter monitor tracings
showed that although metoprolol did not seem to reduce
the number of patients who experienced perioperative isch-
emia, there might be a tendency for patients in the placebo
group to have more severe episodes. However, these find-
ings were far from significant. Given our observations con-
cerning the beneficial effect of -blockade on time to
discharge, perhaps noncardiac effects of -blockade con-
tribute to the late benefits of perioperative -blockade.
Length of hospital stay is of economic importance, but
previous trials have not included this as an end point. At
least two other trials of perioperative -blockade are under
way, and it will be important to see whether the apparent
health economic benefits of perioperative -blockade are
reproducible. This trial indicates that in lower-risk vascular
surgical patients, perioperative -blockade does not reduce
30-day cardiovascular morbidity and mortality and may
have adverse intraoperative effects but, surprisingly, may
facilitate earlier patient discharge.
Trial Management and Writing Committee: A. R.
Brady, J. S. R. Gibbs, R. M. Greenhalgh, J .T. Powell
(chairperson), and M. R. Sydes; Data Monitoring, End-
point, and Ethical Committee: P. Bagger, C. J. Bulpitt
(chairperson), J. Cooke, A. Holdcroft, G. Hamilton, and
M.- F. Shiu; trial centers and surgeons (number of patients
Metoprolol
Statistic (95% CI)%
6
9
21
2
32 Unadjusted RR  0.94 (0.53-1.66)
Unadjusted RD  2% (17% to 20%)
Adjusted* RR  0.87 (0.48-1.55)
34 Unadjusted RR  1.00 (0.57-1.74)
Unadjusted RD  0% (19% to 19%)
Adjusted* RR  0.93 (0.53-1.64)
100
.tion
n
3
5
11
1
17
18
53
erenceentered): Coventry—D. J. Higman, C. H. Imray, P. Rob-
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April 2005608 POBBLE Trial Investigatorserts, and P. Blacklay (n  75); London, Charing Cross
Hospital—R. M. Greenhalgh and A. H. Davies (n  11);
Gloucester*—J. Earnshaw (n  6); Manchester*—C. N.
McCollum (n  5); trial co-ordinators: A. Kite (Coventry;
senior trial coordinator), J. Reise (London Charing Cross),
R. Winterbourn and B. Neary (Gloucester), and M. Cullen
(Manchester). *Started recruitment during the course of
the trial.
AFTERWORD
A recent clinical trial has also shown that coronary
artery revascularization before major elective vascular sur-
gery does not confer a long-term survival benefit.17
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